Prochlorococcus marinus strain CCMP 1375 is the sole prokaryote to possess phycoerythrin in addition to (divinyl-)-chlorophyll a/b binding antenna complexes. Here we demonstrate, employing a spectrofluorimetric assay, that phycoerythrin serves a light-harvesting antenna function (transfers energy to chlorophylls). ß 1999 Elsevier Science B.V. All rights reserved.
Prochlorococcus (P.) is a photosynthetic organism of paramount ecological importance in tropical and subtropical oceans [1^4] . P. marinus strain CCMP 1375 features a unique pigment complement^it is up to now the sole known prokaryote to possess phycoerythrin (PE) in addition to (divinyl-)chlorophyll (Chl) a/b binding antenna complexes [5] . Although the expression of several genes for PE subunits (designated K, L, Q, according to their cyanobacterial relatives) has been shown, phycobilisomelike structures were not detectable [4^6] . Hence, whether PE serves as a light-harvesting antenna remained elusive. In this paper we provide evidence that PE is indeed capable of transferring excitation energy to (divinyl-)Chls.
The accumulation of relatively low amounts of PE and the strong overlap of the PE absorption spectrum with the Soret-band of divinyl-Chl b and carotenoids (see inset in Fig. 1 ) render investigations of excitation energy transfer from PE di¤cult. We have employed a spectro£uorimetric assay as adapted from Wyman et al. [7] to demonstrate the potential of excitation energy transfer from PE to divinyl-Chl a and thus, the attachment of PE to the photosynthetic apparatus. P. marinus strain CCMP 1375 was cultured in PCR S11 medium using sterile-¢ltered seawater (Sigma) at 18³C under continuous blue light illumination of 0.5 WE m 32 s 31 from a ¢lter ¢lm-covered £uorescent tube. Cell suspensions were mixed with either glycerol (to a ¢nal concentration of 80%, v/v) or culture medium (as control) to yield similar Chl concentrations. Room temperature £uo-rescence emission and excitation spectra of these suspensions were recorded using a Hitachi F-4500 spectro£uorimeter. Fluorescence was excited at 495 nm (absorption and £uorescence excitation maximum of PE, cf. inset in Fig. 1 ). Whereas control samples showed very little PE £uorescence emission (peaking at around 575 nm) as compared to divinyl-Chl a £uorescence (around 675 nm), glycerol treatment led to a pronounced increase of PE £uorescence paralleled by a considerable decline of Chl £uorescence intensity under otherwise identical conditions (Fig.  1) .
The observation can be explained assuming glycerol-induced detachment of originally coupled PE from the photosynthetic apparatus as has been shown for Synechococcus, a closely related marine cyanobacterium [7] . Hence, PE excitation^no longer quenched by energy transfer^is re-emitted as £uo-rescence. This demonstrates the capacity of PE in P. marinus strain CCMP 1375 to transfer excitation energy to (divinyl-)Chls, rendering a light-harvesting function highly probable. Thus, a possible alternative function of PE, for example nitrogen storage (as shown for Synechococcus DC2 [7] ), is rather unlikely.
Elucidating the way in which PE cooperates in light harvesting with a (divinyl-)Chl a/b-based antenna is of paramount future interest. Apparent lack of phycocyanin and allophycocyanin as well as phycobilisomal structures in general precludes the known cyanobacterial energy transfer pathway to the reaction centers. Instead we propose that PE excitation is transferred initially to the third singlet energy level (S 3 ) of divinyl-Chl b^and rapidly relaxes (by internal conversion) to its ¢rst singlet excited level (S 1 ) from where it is ¢nally transferred to S 1 of divinylChl a, ultimately leading to photochemistry. Experiments to further elaborate on this are currently under way in our laboratory.
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